INTRODUCTION
There have been many recent reports on bioactive glass as an alternative to hard tissue. It has been reported that CaO-P2O5-SiO2 (-MgO) glass possessed a superior bioactivity through forming an apatite layer on the surface of the glass both in vivo and in vitro1) The glass can crystallize apatite and wollastonite after appropriate heat treatment and are stronger than hard tissue. The glass must be shaped into a suitable form before applying it to the required area. However, it is difficult to construct a complicated form through the sintering of the glass. If the glass has a selfhardening ability, the application field could be extended. Yoshihara et al.2) reported that bioactive CaO-P2O5-SiO2 glass reacted with 3.7M ammonium phosphate solution at pH 7.4 and hardened to form CaNH4PO4H2O within a few minutes. The compressive strength of the hardened cement was about 25 MPa at most. However, immersion in simulated body fluid resulted in the increase in compressive strength (about 80 MPa) due to the formation of hydroxyapatite in the cement. However, little is known regarding the structure of the bioactive glass. It is important to understand the glass structure in order to predict the bioactivity of the glass. Lockyer et al.3) investigated the structure of several types of bioactive Na2O-CaO-SiO2-P2O5 glass by magic angle sample spinning nuclear magnetic resonance silicate network, that is, the number of bridging oxygen. The silicate glass network is often expressed as Qn (SiOn/2(O-)4-n), where n is the number of bridging oxygen in a SiO4 tetrahedron. When n decreased, the chemical shift usually moved to the positive direction, by roughly 10 ppm/non-bridging oxygen4) Murdoch et al.5) reported that 29Si MAS NMR spectrum of calcium metasilicate (CaSiO3) glass showed a peak with a half width of 15.3 ppm at -81.5 ppm. Substitution of magnesium for calcium did not affect the peak position but resulted in a wider half width. The 29Si NMR spectra of the glasses in the present study were similar to that of the calcium metasilicate glass, which possesses a Q2 structure in the silicate network5). CSPX15, which has a composition on the Ca2P2O7-CaSiO3 join, also showed a broad peak though its chemical shift was slightly more negative (-84 ppm) than that in CSP15 glass containing the same amount of P2O5. This is because of the lower content of network modifying cation, Ca2+ in CSPX15 glass. Addition of Al to CSP15 glass caused a slight increase in chemical shift of about 2 ppm (CSPA2 glass). It has been reported that the chemical shift of Si depends on the number of Al ion around a SiO4 tetrahedron in the aluminosilicate glass and moves to the positive direction with the number of Al ion increasing (about 5.5 ppm/Al atom)4,6). The more positive chemical shift observed in CSPA2 glass indicates that Al ion was attached to an SiO4 tetrahedron. In CSPA1 glass, which has a composition on the Ca3 (PO4)2-anorthite join, the 29Si NMR spectrum showed a broad peak at -85.7 ppm. Pure anorthite glass has a Q4 structure which forms the aluminosilicate network and the chemical shift was reported to be between -86.4 and -88 ppm5-8). Though the value of the chemical shift is slightly more positive than that of anorthite glass, the network structure is probably similar to anorthite glass structure.
As shown in Fig. 2 , the 31P NMR spectra had a large broad peak around 3 ppm in all of the glasses. However, in CSPA1 glass, the peak shape was asymmetrical and seemed to have a shoulder at around -5 ppm. In the alkali phosphate glass, the chemical shift of P depended on the degree of condensation of PO4 tetrahedra9) and moved to the more negative direction with the increase in the degree of condensation. Crystalline calcium orthophosphate compounds showed the NMR peak at around 0 to cm-1. Such peaks are assigned to asymmetric and symmetric stretching vibration of the carboxylate group, COO-combined with Ca2+ ion and Mg2+ ions. Thus it was suggested that the cement set through the crosslinking of the COO-groups in the polymeric acid by Ca2+ or Mg2+ ions released from the glass. This setting mechanism is essentially the same as that of conventional glass ionomer cement17). In the spectra of the original glasses, AWG and CSP20, a strong broad absorption band was observed at 1020cm-1 with a shoulder at 930cm-1. The band was assigned to Si-O and P-O stretching vibration18) and the shoulder revealed the existence of non-bridging oxygen, Si-O-M2+ in the silicate glass network19). After allowing to set for 1 day, the band shifted toward the higher frequency at around 1100cm-1 and the shoulder to around 950cm-1 (shown by an arrow in Fig. 5 ). The spectrum in the region was similar to that of silica gel and the shoulder was assigned to OH deformation vibration of the SiOH group20,21). Similar change in the IR spectrum in the region was also observed during the setting of the conventional glass ionomer cement22 the glass powder. 3 The 29Si MAS NMR analysis showed that a broad signal appeared at around -82 ppm in the spectra of the glasses and a new signal corresponding to hydrated silica gel formation appeared around -102 and -111ppm after setting. It was suggested that Ca2+ was released from the glass powder to form the carboxylate salt and that a degree of polymerization in the silicate network increased.
